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Background:  iMap  is a newly  developed  intravascular  ultrasound  (IVUS)  tissue  characterization  system
based on  pattern  recognition  of  the  radio  frequency  (RF)  signals.
Purpose:  The  purpose  of  this  study  was  to compare  tissue  characterization  between  iMap  and  another
previously  validated  tissue  characterization  system,  integrated  backscatter  (IB)-IVUS  in  vivo and  to  clarify
similarities  and  differences  between  these  two methods.
Methods:  A  total  of 31  lesions  from  16  patients  with  ischemic  heart  disease  were  studied.  IVUS  imaging
was  performed  using  40  MHz  IVUS  catheter.  RF  signals  from  each  lesion  were  then  exported  to  analyze
tissue  characterization  using  both  iMap  and  IB-IVUS.  By iMap,  coronary  plaque was  classiﬁed  into  four
categories,  ﬁbrotic,  lipidic,  necrotic,  or calciﬁed.  By  IB-IVUS,  coronary  plaque  was  classiﬁed  into  four
categories,  ﬁbrosis,  lipid  pool,  dense  ﬁbrosis,  or calciﬁcation.  After  the  images  were  acquired,  IB-IVUS
and  iMap  images  were  compared  at  exactly  the  same  cross-sections.  Because  severe  calciﬁcation  is a
perfect  reﬂector,  dense  calciﬁcation  lesions  (>20%)  were  excluded.
Results:  Both  ﬁbrotic  and  calciﬁed  by  iMap  correlated  well  with ﬁbrosis  and  calciﬁcation  by  IB-IVUS
2 2(ﬁbrotic  vs.  ﬁbrosis:  r =  0.522,  p <  0.001,  calciﬁed  vs.  calciﬁcation:  r = 0.560,  p < 0.001).  Although  lipidic
by  iMap  did  not  correlate  with  lipid  pool  by  IB-IVUS,  necrotic  by  iMap  correlated  well with  lipid  pool  by
IB-IVUS  (r2 = 0.480,  p  <  0.001).
Conclusion:  Although  tissue  types  classiﬁed  by iMap  correlated  well  with  corresponding  tissue  type
by IB-IVUS,  some  discrepancy  presented  between  the  two  systems.  These  results  may  call  for  careful
interpretation  of the tissue  types  obtained  by  the  different  IVUS  tissue  characterization  systems.
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Intravascular ultrasound (IVUS) is widely used for evaluating
ascular wall structure of the coronary artery in the clinical setting
1]. Previous studies have demonstrated that plaque rupture may
ead to thrombus formation and acute coronary syndrome (ACS)
2–4]. Pathological and IVUS studies have suggested that presence
f necrotic core and overlying thin ﬁbrous cap as well as pres-
nce of positive remodeling are morphological ﬁndings of unstable
r vulnerable plaque [5,6]. Although conventional gray scale IVUS
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predicts presence of positive remodeling, objective and quantita-
tive plaque assessments have not been possible [7–16].
Recently, the integrated backscatter (IB)-IVUS system (YD Co,
Ltd, Nara, Japan), which provides two-dimensional color-coded
maps for the tissue characterization of coronary plaques, has been
developed and become commercially available. A good correlation
was reported between plaque characteristics obtained by IB-IVUS
and histological ﬁndings [17]. Furthermore, it has been reported
that IB-IVUS may  be useful to detect thin-cap ﬁbroatheroma (TCFA)
[18] and predict future acute coronary syndrome [19].
iMap (Boston Scientiﬁc, MA,  USA) is another newly developed
IVUS tissue characterization system based on pattern recognition of
the radio frequency (RF) signals [20–23].  Because IB-IVUS and iMap
use different algorithms, it is possible that there may  be differences
in tissue characterization of the coronary plaque.
Therefore, the purpose of this study was to compare tissue
characterization between iMap and IB-IVUS in vivo and to clarify
similarities and differences between these two  methods.
vier Ltd. All rights reserved.
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were no signiﬁcant differences in EEM-CSA, lumen CSA, P + M CSA
and plaque burden between IB-IVUS and iMap. Conﬁdence level of
each tissue characterization is also shown in Table 2.
Table 1
Patient characteristics.
Characteristics Value
Sample size 16
Age, years 65 ± 12
Male sex 12 (75%)
Body Mass Index 24 ± 4
Vessels
LAD 13 (42%)
LCX 10 (32%)
RCA 8 (26%)
Conditions
Hypertension 11 (69%)
Hyperlipidemia 10 (63%)
Diabetes mellitus 7 (44%)
Smoking 8 (50%)
Family history 4 (25%)50 R. Yamada et al. / Journal o
ethods
tudy population
A total of 16 patients (12 males, 4 females, age 65 ± 12
ears) with ischemic heart disease who underwent coronary
tent implantation under IVUS guidance were enrolled in this
tudy. Patients with acute myocardial infarction, thrombotic lesion,
estenotic lesion, chronic total occlusion, severe valvular dis-
ase, cardiogenic shock or unstable hemodynamics, renal failure,
nsuitable coronary artery anatomy for IVUS examination, and
naccessible quality of IVUS imaging were excluded.
Written informed consent was obtained from all patients before
ardiac catheterization and IVUS examinations.
Thirty-one segments were selected based on the outcomes from
ngiography as follows: angiographic diameter stenosis between
5% and 90%.
IVUS imaging was performed using a commercially available
0 MHz  IVUS catheter (Atlantis Pro2, Boston Scientiﬁc, Natick, MA,
SA) with an automatic pullback device at 0.5 mm/s  before percu-
aneous coronary intervention (PCI).
RF signals from each segment were then used to analyze tissue
haracterization using both iMap and IB-IVUS.
The data were digitized for quantitative and qualitative analy-
is according to the criteria of the American College of Cardiology
linical Expert Consensus document on IVUS [24]. Thirty-one exter-
al elastic membrane (EEM) and lumen cross-sectional area (CSA)
amples were traced and measured. Plaque plus media (P + M)  CSA
as calculated by EEM-lumen CSA. Percent plaque burden was cal-
ulated by (P + M CSA/EEM CSA) × 100. Interobserver variability for
EM CSA and lumen CSA were 4.6 ± 3.0% and 6.5 ± 3.3%, respec-
ively. Intraobserver variability for EEM CSA and lumen CSA were
.0 ± 2.9% and 4.5 ± 2.7%, respectively.
Map
To obtain iMap images, the system was connected to an imag-
ng system (iLab, Boston Scientiﬁc), signal trigger output, and video
mage output to obtain the RF signal. Ultrasound backscattered
ignals were acquired using an Atlantis pro2, digitized, and sub-
ected to spectral analysis. The IB values for each tissue component
ere expressed in decibels (dB) and calculated using a fast-Fourier
ransform of the frequency component of the backscattered signal
rom a small volume of tissue. Conventional IVUS images and color-
oded maps were displayed side-by-side on a monitor. The EEM
nd lumen were then semi-automatically traced. By iMap, coro-
ary plaque was  classiﬁed into four categories, ﬁbrotic (green),
ipidic (yellow), necrotic (pink), or calciﬁed (blue). Furthermore,
Map provides the conﬁdence level based on the degree of spec-
rum algorithm characteristics similarity assessed from previous
nalysis of different cadaver hearts.
B-IVUS
To obtain IB-IVUS images, a commercially available image
rocessing system (YD Co, Ltd) was connected to an imaging
ystem (Galaxy, Boston Scientiﬁc) with RF output, signal trigger
utput, and video image output to obtain the RF signal. Ultrasound
ackscattered signals were acquired using a 40-MHz mechanically-
otating IVUS catheter (Atlantis pro2), digitized and subjected to
pectral analysis. The IB values for each tissue component were
xpressed in dB and calculated using a fast-Fourier transform of
he frequency component of the backscattered signal from a small
olume of tissue. Conventional IVUS images and color-coded maps
ere displayed side-by-side on a monitor. We  excluded the vessel
umen and area outside of the internal elastic membrane from theiology 61 (2013) 149–154
color-coded maps by manually tracing the vessel lumen and inter-
nal elastic membrane on the conventional IVUS images. By IB-IVUS,
coronary plaque was  classiﬁed into four categories, ﬁbrosis (green),
dense ﬁbrosis (yellow), lipid pool (blue), and calciﬁcation (red).
After the images were acquired, IB-IVUS and iMap images
were compared at exactly the same cross-sectional image. Because
severe calciﬁcation is a perfect reﬂector, dense calciﬁcation lesions
(>20%) were excluded. The identical cross-section for analysis was
carefully selected using intravascular or perivascular landmarks
and a constant pullback speed [18,25].
Statistics
Statistical analysis was  performed with StatView version 5.0
(SAS Institute, Cary, NC, USA). Qualitative data are presented with
frequencies, and quantitative data are shown as mean ± SD, if indi-
cated. Continuous variables are reported as mean ± SD. Paired t
tests were used to differentiate two  sets of data with normal dis-
tribution. Wilcoxon signed rank test was performed when the data
were not normally distributed. The association between IB-IVUS
and iMap indices was  investigated with two different analyses: (1)
linear regression and (2) Bland–Altman analysis of agreement. The
latter analysis was used to compare the mean difference and SD
between the values from IB-IVUS and iMap. In these analyses, a
value of p < 0.05 was  considered to be signiﬁcant.
Results
Baseline and procedural characteristics
An IVUS catheter was positioned beyond the target lesions in all
enrolled cases. The target vessel was the left anterior descending
artery in 13 (42%), circumﬂex artery in 10 (32%), and right coronary
artery in 8 (26%). Patients’ characteristics are shown in Table 1.
Qualitative parameters and tissue characterization of IB-IVUS and
iMap
Representative cross-sectional images obtained by using IB-
IVUS and iMap are shown in Fig. 1. Table 2 shows qualitative
parameters and tissue characterization of IB-IVUS and iMap. ThereDx  stable angina pectoris 12 (75%)
Unstable angina pectoris 4 (25%)
Data are presented as no. (%) or mean ± SD, unless otherwise indicated. LAD, left
anterior descending artery; LCX, left circumﬂex artery; RCA, right coronary artery.
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Fig. 1. Representative images obtained by using integrated backscatter-intravascular ultrasound (IB-IVUS) and iMap. Both IVUS images were carefully selected at 3 mm
distal  from the branch (*) and compared. The images shown are as follows: (A) gray scale image (IB-IVUS); (B) gray scale image (iMap); (C) color-coded image (IB-IVUS); (D)
color-coded image (iMap); (E) longitudinally reconstructed IVUS image. EEM, external elastic membrane; CSA, cross-sectional area. (For interpretation of the references to
color  in this ﬁgure legend, the reader is referred to the web  version of this article.)
Table 2
Qualitative parameters and tissue characterization.
IB-IVUS iMap (Conﬁdence level , %  ) p
EEM-CSA, mm2 11.6 ± 4.2 11.3 ± 3.9 0.793
Lumen CSA, mm2 3.4 ± 1.7 3.6 ± 1.7 0.741
P + M CSA, mm2 8.2 ± 3.4 7.8 ± 3.0 0.612
Plaq ue  burden,  %  70.2 ± 9.5 68.5 ± 9.6 0.481
IB-IVUS
Calciﬁcaon, %  3.4 ± 2.9 -
Dense  ﬁbrosis , %  7.5 ± 3.6 -
Fibrosis, %  48.5 ± 13.9 -
Lipid pool, %  40.6 ± 16.7 -
iMap
Calciﬁed, %  3.6 ± 3.7     (70.6 ± 17.2 %) -
Lipidic, % 6.2 ± 2.5 (58.7 ± 2.5 %) -
Fibroc,  %  57.8 ± 17.5   (79.4 ± 4.2 %) -
) 
C
ﬁ
r
(
v
I
l
sNecroc,  %  32.5 ± 16.0   (76.5 ± 9.4 %
orrelation between IB-IVUS and iMap
Both ﬁbrotic and calciﬁed by iMap correlated well with
brosis and calciﬁcation by IB-IVUS (ﬁbrotic vs. ﬁbrosis:
2 = 0.522, p < 0.001; calciﬁed vs. calciﬁcation: r2 = 0.560, p < 0.001)
Figs. 2 and 3). A Bland–Altman test showed good agreement of the
alue of both indices between iMap and IB-IVUS.
Although lipidic by iMap did not correlate with lipid pool by IB-
VUS (r2 = 0.071, p = 0.149), necrotic by iMap correlated well with
ipid pool by IB-IVUS (r2 = 0.480, p < 0.001). A Bland–Altman test
howed good agreement between necrotic and lipid pool (Fig. 4).-
Discussion
The primary ﬁndings of our present study were: 1) ﬁbrosis and
calciﬁcation by IB-IVUS correlated well with corresponding tissue
type, ﬁbrotic and calciﬁed by iMap; however, 2) lipid pool by IB-
IVUS did not correlate with lipidic by iMap, but correlated well with
necrotic by iMap.Recently, three different IVUS tissue characterization systems,
virtual histology (VH)-IVUS (Volcano Therapeutics, Inc., Rancho
Cordova, CA, USA), IB-IVUS, and iMap, have become commercially
available. Although all of these IVUS systems have deﬁned their
152 R. Yamada et al. / Journal of Cardiology 61 (2013) 149–154
Fig. 2. Correlation between ﬁbrotic by iMap and ﬁbrosis by integrated backscatter-intravascular ultrasound (IB-IVUS) (left). Bland–Altman test for ﬁbrotic and ﬁbrosis (right).
Fibrotic  by iMap correlated well with ﬁbrosis by IB-IVUS (r2 = 0.522, p < 0.001).
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(ig. 3. Correlation between calciﬁed by iMap and calciﬁcation by integrated bac
alciﬁcation (right). Calciﬁed by iMap correlated well with calciﬁcation by IB-IVUS 
wn tissue types based on ex vivo and/or in vivo validation with
istopathology, the relationship between tissue types of differ-
nt tissue characterization systems have not been well conducted
20,26–29].  Our results showing that ﬁbrous plaque (named as
brosis by IB-IVUS and ﬁbrotic by iMap) and calciﬁed plaque
named as calciﬁcation by IB-IVUS and calciﬁed by iMap) were sim-
larly detected and quantiﬁed by both systems have an important
linical implication. These two different IVUS tissue character-
zation systems may  be used alternatively to each other when
ssessing amount of ﬁbrous and calciﬁed tissue.
ig. 4. Correlation between necrotic by iMap and lipid pool by integrated backscatter-intr
right).  Necrotic by iMap correlated well with lipid pool by IB-IVUS (r2 = 0.480, p < 0.001).ter-intravascular ultrasound (IB-IVUS) (left). Bland–Altman test for calciﬁed and
.560, p < 0.001).
On the other hand, despite the similar name used by each
system, lipid pool by IB-IVUS did not correlate with lipidic by
iMap. This also has an important clinical implication. A previous
study demonstrated that atheroma has various components such
as micro-calciﬁcation in addition to the lipid pool [30]. Further-
more, Hara et al. found a signiﬁcant increase of IB variance in the
axial direction along with the accumulation of intraplaque lipids
[31]. Heterogeneity of plaque composition and the distance from
a transducer to regions of interest may  lead to larger IB difference
and different tissue characterization. In our study, conﬁdence levels
avascular ultrasound (IB-IVUS) (left). Bland–Altman test for necrotic and lipid pool
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f ﬁbrotic, calciﬁc, and necrotic were obviously higher than lipidic.
imilarly, those ﬁndings might be affected by various components
n lipid pool.
Other studies have shown that the amount of lipid pool by IB-
VUS is related to myonecrosis during PCI possibly because of distal
mbolization [32]. Furthermore, another study by Sano et al. has
emonstrated the lipid pool by IB-IVUS is related to future ACS
vents [19]. More recently, Miyamoto et al. have demonstrated that
he amount of lipid pool is signiﬁcantly larger in TCFA (deﬁned by
ptical coherence tomography; OCT) and therefore, IB-IVUS may be
seful in detecting TCFA by OCT [18]. Because lipidic by iMap did not
orrelate with lipid pool by IB-IVUS, it is unclear if lipidic by iMap
redicts distal embolization during PCI or future ACS events. On
he other hand, necrotic by iMap may  predict distal embolization
uring PCI and future ACS events considering its similarity to lipid
ool by IB-IVUS.
Several studies have shown that VH-IVUS may  be useful in
etecting distal embolization or slow ﬂow/no reﬂow during PCI
33–35]. More recently, a prospective, multicenter study, PROSPECT
Providing Regional Observations to Study Predictors of Events in
he Coronary Tree) trial demonstrated that VH-IVUS derived TCFA
as one of the strongest independent predictors of untreated, non-
ulprit lesion-related events [36]. Because our present study did not
ompare VH-IVUS and iMap, it is still unknown whether necrotic
ore by VH-IVUS correlates with necrotic by iMap.
tudy limitations
Firstly, this is a study with small numbers from a single cen-
er experience. Thus the results need to be conﬁrmed by a larger
ulticenter study.
Secondly, all current commercially available IVUS tissue char-
cterization software packages have a similar limitation in which
hey cannot show tissue components behind a severe calciﬁcation
nd guidewire. Calcium and guidewires lead to acoustic shadowing
hich could mislead the RF signal-based tissue characterization. To
ake into account those acoustic shadow areas, dense calciﬁcation
esions were excluded in this study. Therefore, there might be some
ias in the result.
Thirdly, although we compared in vivo IVUS-derived tissue
haracterization using two different systems, direct comparison
etween IVUS-tissue characterization and histology was not per-
ormed. Therefore, it is inconclusive which tissue characterization
orrelates better with histological ﬁndings. Further study will be
eeded to compare three different IVUS tissue characterizations
nd histology.
onclusions
Although some tissue types classiﬁed by iMap correlated well
ith corresponding tissue type by IB-IVUS, others did not. These
esults may  call for careful interpretation of the tissue types
btained by the different IVUS tissue characterization systems.
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